Objective: The objective of this study was to assess epidemiological and clinical features of human bocavirus (HBoV) coinfection with other viruses. Method: Children coinfected with HBoV between January 2012 and December 2014 were enrolled and retrospectively reviewed. Result: A total of 984 patients were stratified into five groups: HBoV infection alone (n ¼ 249), respiratory syncytial virus (RSV) infection alone (n ¼ 649), HBoV coinfection with RSV (n ¼ 28), with human rhinovirus (HRV) (n ¼ 39) and with other virus (n ¼ 19). Length of hospitalization was longer in HBoV coinfection with RSV group than HBoV (9.0 days vs. 7.0 days, p ¼ 0.001), RSV (9.0 days vs. 8.0 days, p ¼ 0.016) infection alone group. Pneumonia was more common in the HBoV coinfection with RSV group compared with the HBoV, RSV infection alone group, respectively (75.0% vs. 44.2%, 31.3%, p < 0.001). HBoV DNA copy numbers (383 000 copies/ml) were positively correlated with the length of hospitalization (r ¼ 0.334, p < 0.001). Conclusion: HBoV coinfection with RSV increases HBoV infection severity. K E Y W O R D S : coinfection, human bocavirus, respiratory syncytial virus, disease severity, acute respiratory infections I N T R O D U C T I O N Human bocavirus (HBoV) was first identified in 2005 in nasopharyngeal aspirates collected from children with respiratory diseases [1]
viruses in children with acute respiratory infections (ARIs) [5] . Recent studies showed that 10-30% of pediatric patients have coinfection by two or more respiratory viruses [6] [7] [8] . Coinfection with other viruses is commonly observed in HBoV-positive patients with ARI, e.g. adenovirus (ADV), picornavirus, respiratory syncytial virus (RSV) and human metapneumovirus (hMPV) [9] [10] [11] [12] . Although most HBoV infections are mild and often self-limited [13] , the clinical features of HBoV coinfection are not well described, especially regarding the role of specific viral interactions.
RSV is generally considered a well-established pathogen that can cause severe acute respiratory tract infection [14] . Recent data suggest that HBoV also causes severe acute respiratory tract infection as the single causative agent [15] . The relationship between respiratory viral coinfection and disease severity in children remains unclear [16, 17] . The aim of this study was to assess the epidemiology features of both HBoV infection alone and coinfection with other virus, evaluating the impact of RSV coinfection on HBoV in children hospitalized with ARI.
M A T E R I A L S A N D M E T H O D S

Study patients and specimen collection
This retrospective descriptive study was conducted over a 36-month period (1 January 2012 to 31 December 2014) on children (<18 years) presenting with ARI (n ¼ 6459) admitted to the Children's Hospital affiliated to Soochow University, China. Clinical diagnoses of ARI included upper respiratory tract infections (URTIs), bronchitis, bronchiolitis, pneumonia and asthma. Diagnostic definitions were as follows: URTI was defined as ARI with no abnormalities on chest X-ray; bronchiolitis was characterized by cough, tachypnea, retraction and expiratory wheezes, often accompanied by rales; bronchitis was used to define a lesser disease with rhonchi and cough, sometimes with wheezing; pneumonia required rales on auscultation or the demonstration of an infiltrate by chest X-ray [18, 19] . Patients with bronchopulmonary dysplasia, genetic syndromes and immunosuppression were excluded from the study.
Nasopharyngeal aspirates were obtained from all children within 24 h of hospital admission; a catheter was inserted into one nostril to a depth of 7-9 cm and withdrawn while applying gentle suction with an electric suction device. Specimens (leukocytes >25 per highpower microscopic field and few epithelial cells <10 per high-power microscopic field) [20] were centrifuged twice, with the pellets stored at À80 C until use.
V I R U S D E T E C T I O N
Viral DNA and RNA from nasopharyngeal samples were extracted with DNA-EZ Reagents (Sangon Biotech, Shanghai) and TRIzol Reagent (Life Technologies, Carlsbad, CA, USA), respectively, according to the manufacturers' protocols. The primers and probes used for HBoV detection were targeted to the NP1 gene, and fluorescent real-time polymerase chain reaction (PCR) was performed for HBoV detection, as described previously [21] . In addition, samples were sent for the detection of hMPV and human rhinovirus (HRV) by reverse-transcription PCR; direct immunofluorescence was used to detect RSV, ADV, parainfluenza virus (PIV) types 1-3, and influenza virus (IV) types A and B [21] .
Review of medical records
Medical records were reviewed for the following: ‹ general characteristics such as age, gender, season of infection, duration of symptoms (cough or fever) before admission, birth week, congenital heart disease and history of breastfeeding; › clinical symptoms and signs, including fever, cough, wheezing, tachypnea, diarrhea and vomiting; fi laboratory findings such as peripheral leukocyte count, neutrophil count, lymphocyte count, platelet number and C-reactive protein (CRP) levels; fl disease severity parameters, including requirement for supplemental oxygen, pediatric intensive care unit (PICU) admission, length of hospitalization and need for mechanical ventilation;°c linical diagnoses, including URTI, bronchitis, bronchiolitis, pneumonia and asthma.
S T A T I S T I C A L A N A L Y S I S
Statistical analysis was performed with PASW version 20.0 (IBM, SPSS, Chicago, IL, USA). Descriptive analyses were performed, with findings reported as absolute frequencies or rates for categorical variables, median (25th-75th) values for quantitative variables with nonnormal distribution. Quantitative variables between the two groups were compared by the Mann-Whitney U test; comparison of quantitative variables among the five infections groups was performed using the Kruskal-Wallis test. Comparison of frequency distribution was performed by the chi-square test; Fisher's exact test was used when at least one expected frequency was <5. Spearman's rank correlation coefficient was used to evaluate correlations between the number of copies of HBoV DNA and the length of hospitalization. p < 0.05 was considered statistically significant.
R E S U L T S
Demographic characteristics
Between 1 January 2012 and 31 December 2014, a total of 6459 patients were admitted for ARI; patient age distribution is shown in Fig. 1 . Of these patients, HBoV was positive in 335 cases, indicating a positive rate of 5.2%. Of the HBoV-infected cases, 86 (25.7%) were coinfection with other respiratory viruses, most frequently with HRV (n ¼ 39), followed by RSV (n ¼ 28) (Table 1) . Single RSV infection was detected in 649 cases during the same period. Those 984 patients were stratified into five groups: HBoV infection alone (n ¼ 249), RSV infection alone (n ¼ 649), HBoV coinfection with RSV (n ¼ 28), HBoV coinfection with HRV (n ¼ 39) and HBoV coinfection with other virus (n ¼ 19).
Epidemiology of HBoV infection
Monthly distribution of HBoV infection is shown in Fig. 2 . Infections associated with HBoV occurred throughout the year. Peak incidence of HBoV infection alone appeared in August (6.8%); meanwhile, peak incidence of HBoV coinfection with other viruses was found in November (3.6%). These results indicated that HBoV coinfection with other viruses and HBoV infection alone had different seasons of prevalence.
Age distribution of HBoV patients is shown in Fig. 3 . Patients of age from 12 to 23 months had the highest rate of HBoV infection alone (8.5%), while those below 6 months showed the lowest infection rate (1.2%). The highest rate for HBoV coinfection with other viruses was found in patients aged from 6 to 11 months (2.5%); patients aged !60 months had the lowest infection rate (0.1%). These data revealed that HBoV coinfection with other viruses and HBoV infection alone target different age group.
Clinical and laboratory characteristics of children in various infection groups
The demographic and clinical characteristics of the enrolled patients are summarized in Table 2 . First, the general characteristics among the five infection groups were compared. Patients with RSV infection alone were younger than the other four groups (all p < 0.05). Symptom duration <7 days before admission was more common in RSV infection alone group than the other four groups (all p < 0.05). Symptom duration !14 days before admission was less frequent in RSV infection alone group than HBoV infection alone group, HBoV coinfection with RSV group and HBoV coinfection with HRV group (all p < 0.05). Symptom duration !14 days before admission was less frequent in HBoV infection alone group than HBoV coinfection with RSV group (p < 0.05). Gender ratio, prematurity rate, congenital heart disease rate and history of breastfeeding were not significantly different between the groups (all p > 0.05). Next, clinical symptoms and signs were compared among the five infection groups ( Table 3 ). We found that fever was more common in HBoV coinfection with RSV group than RSV infection alone group and HBoV coinfection with HRV group (both p < 0.05), fever was also more common in HBoV infection alone group than RSV infection alone group and HBoV coinfection with HRV group (both p < 0.05). Cough was more common in RSV infection alone group than HBoV infection alone group (p < 0.05). Wheezing was less common in HBoV infection alone group than RSV infection alone group and HBoV coinfection with HRV group (both p < 0.05), and wheezing was also less common in HBoV coinfection with other virus group than RSV infection alone group, HBoV coinfection with RSV group and To assess differences in disease severity among the five infection groups (Table 5) Finally, clinical diagnosis among the three etiological groups was compared ( Table 6 ). We found that pneumonia was more common in the HBoV coinfection with RSV group compared with the HBoV infection alone group (75.0% vs. 44.2%, p ¼ 0.002), RSV infection alone group (75.0% vs. 31.3%, p < 0.001) and HBoV coinfection with HRV group (75.0% vs. 48.7%, p ¼ 0.031). Pneumonia was also more common in HBoV infection alone group than RSV infection alone group (44.2% vs. 31.3%, p < 0.001); meanwhile, bronchiolitis was common in RSV infection alone group than the other four groups (all p < 0.05).
HBoV DNA copy and disease severity
We further evaluated the correlation between the HBoV DNA copy number and the length of hospitalization. We found that HBoV DNA copy numbers [383 000 (4430-10 000 000) copies/ml] were positively correlated with the duration of hospitalization (r ¼ 0.334, p < 0.001). <0.001
Platelet number, median (25th-75th) Â HBoV was first identified in 2005 [1] . Since then, it has been detected worldwide, with rates between 1.5% and 19% [2] [3] [4] . In the present study, the overall detection rate of HBoV in ARI patients was 5.2%, a value similar to that found in other regions of the world.
Seasonal prevalence of HBoV infections vary among reports [1, 22, 23] , likely because of differences in climates, recruitment criteria, study periods and other factors. In this study, the seasonal patterns of HBoV infection alone peaked in August, in agreement with our previous findings [24] . However, peak incidence of HBoV coinfection with other viruses was found in November, which has not been reported previously. The reason may be that HRV and RSV, the most frequently co-detected viruses in this research, are prevalent in November in Suzhou City [21, 25] .
As shown above, patients of age from 12 to 23 months had the highest rate of HBoV infection alone, corroborating most previous studies [26, 27] . However, the highest rate of HBoV coinfection with other viruses was recorded in patients of age from 6 to 11 months, which has not been previously reported. This might be because patients <6 months are likely protected from viral infections by maternal antibodies [28] ; meanwhile, patients !6 months, because of waning levels of maternally acquired antibodies, are susceptible to many viruses.
In the present study, more patients had symptom duration !14 days before admission in the HBoV coinfection with RSV group compared with HBoV infection alone group (50.0% vs. 30.1%, p ¼ 0.033) and RSV infection alone group (50.0% vs. 17.7%, p < 0.001), which was not observed in the previous studies. This indicated that patients with HBoV coinfection with RSV often present slower disease progression.In addition, patients with HBoV infection alone or HBoV coinfection with RSV had higher Neutrophil count and CRP than patients with RSV infection alone, which may indicate the strong inflammatory reaction.
The present study showed that patients with HBoV coinfection with RSV had higher rates of pneumonia than patients with HBoV infection alone and RSV infection alone, and median length of hospitalization in patients with HBoV coinfection with RSV coinfection was longer than that of the HBoV infection along group [9.0 (7.2-10.0) days vs. 7.0 (6.0-9.0) days, p ¼ 0.001], which is consistent with the study of Calvo [29] ; this indicates that HBoV patients with RSV coinfection present higher disease severity. It was shown that cloned HBoV1 inhibits Sendai virus-induced interferon production in vitro [30] , suggesting that it may also affect the host responses against other viruses in vivo, for example RSV. We further evaluated the correlation between the HBoV DNA copy number and the length of hospitalization. We found that HBoV DNA copy numbers [383 000 (4430-10 000 000) copies/ml] were positively correlated with the duration of hospitalization (r ¼ 0.334, p < 0.001), which is consistent with our research before [24] .
Taken together, patients with HBoV coinfection with RSV often present slow disease progression are prone to suffer pneumonia and have high disease severity, compared with individuals with HBoV infection alone or RSV infection alone.
The present study has potential limitations. First, a diagnostic test for bacterial pathogens was not performed, and disease severity may be overrepresented. Second, only inpatients with ARI were enrolled, and results are not generalizable to outpatients. Third, the pediatric early warning system can be used to assess the severity of disease [31] , and it includes the following parameters: heart rate, respiratory rate, systolic blood pressure, pulses, O 2 saturation, capillary refill, level of consciousness measured with the Glasgow Coma Scale, oxygen therapy, bolus fluid and temperature. However, because of the retrospective design of the present study, some parameters were missed in the medical records, and further prospective study is potential needed.
In conclusion, these findings suggested that HBoV coinfection with other viruses and HBoV infection alone has different epidemiological characteristics, and RSV increases the disease severity of HBoV infection.
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